Introduction
Behçet's disease (BD) is a relapsing systemic inflammatory disease characterized by recurrent oral ulcers, genital ulcers, and ocular inflammation. The predominant histopathology of BD is mainly vasculitis, which is present within the vessel wall and the perivascular tissues infiltrated with lymphoid cells, monocytes, plasma cells, and neutrophils [1] .
In BD, arteries, veins, and capillaries are affected. Aortic and peripheral artery aneurysms, pulmonary artery occlusion and aneurysms, coronary artery aneurysms, deep vein thrombosis, and cerebral venous thrombosis have been described [2] .
Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) are markers that are most extensively used for measuring acute-phase response. Although they are affected by age, sex, and hemoglobin level, which are factors not related to inflammation, neutrophil-to-lymphocyte ratio (NLR) is not affected [3] .
NLR is a simple index calculated from routine blood test. As a traditional inflammatory index, it has been proved to be associated with disease activity and prognosis of various inflammation-related diseases, such as sepsis, autoimmune disease, and cancer [4] .
Color Doppler ultrasound (US) is considered as an important modality for the evaluation of vascular pathology to provide flow information in addition to vascular morphology. The most important advantages are that it is technically easily applicable, cheap, and noninvasive. Doppler US can provide the earliest signs of vasculitis [5] .
Recent studies have shown the numbers and ratios of white blood cell (WBC) subgroups in inflammatory rheumatic diseases [3, 6, 7] . However, the relationship between hematologic indices and rheumatologic diseases is still controversial [8] [9] [10] .
The aim of this study was to assess the relationship between NLR with disease activity and carotid intimamedia thickness (cIMT) in patients with BD.
Patients and methods
This study was conducted on 20 adult patients with BD (group I) diagnosed according to the International Study Group Criteria of BD [11] .
This group was subdivided according to cIMT as follows:
Group Ia: patients with increased cIMT. Group Ib: patients with cIMT within normal ranges.
Moreover, 20 age-matched and sex-matched apparently healthy volunteers were also included as a control group (group II).
These patients were selected randomly from the inpatients' and the outpatients' clinics of rheumatology, rehabilitation and physical medicine, ophthalmology, and dermatology and andrology departments of Benha University Hospitals.
Exclusion criteria
Patients were excluded from this study if their age was less than 18 years, had other illnesses that may affect the results of this study such as evidence of infections, had diabetes mellitus, pregnancy, alcoholics, smokers, family history of atherosclerosis, chronic systemic disease, patients with advanced hepatic and renal diseases, previous surgery such as stent or coronary bypass, cerebrovascular events, or on statin therapy as well as those receiving antiplatelet medications such as aspirin and patients with other rheumatologic autoimmune diseases.
Study approval
The study was approved by the Ethical Committee of Benha University. All participants gave written informed consent before participation in this study.
All BD patients were subjected to the following: full history taking, thorough clinical examination, skin pathergy test as described by Altac et al. [12] , and assessment of disease activity according to Behcet's Disease Current Activity Form (BDCAF) score [13] , in which scoring depends on the symptoms present over the 4 weeks before assessment.
Laboratory procedures included the following:
(1) ESR by the Westergren method, recorded in mm/ first hour. (2) Complete blood count, including hemoglobin, RBCs, WBCs, and platelets count. The WBC count, neutrophil count, and lymphocytes count were also recorded, and the NLR was calculated from these parameters. It included total cholesterol and triglycerides measured in plasma by the colorimetric method using commercial assays, high-density lipoprotein-cholesterol (HDL-C) using the direct HDL method (BS-300 Chemistry analyzer, USA), and low-density lipoproteincholesterol (LDL-C).
Radiological examination
Patients underwent high-resolution Doppler US examination for common carotid arteries assessment. The ultrasonographic scan protocol was performed on the last 2 cm of both common carotid arteries, before their bifurcation to detect increase in the cIMT or presence of atheromatous plaques. The patients and controls were scanned with Toshiba Xario (USA) using 7.5 MHs probe. The intimamedia thickness measurements on each side were taken.
Statistical analysis
All data were calculated, tabulated, and statistically analyzed using statistical package for the social sciences, version 20, software (SPSS Inc., Chicago, Illinois, USA). Categorical data were presented as number and percentages whereas quantitative data were expressed as mean±SD and range. Mann-Whitney U test and Spearman's correlation coefficient were used as test of significance.
The accepted level of significance in this work was stated at 0.05 (P< 0.05 was considered significant).
Results
This study included 20 patients with BD, with 17 (85%) males and three (15%) females. Their ages ranged between 19 and 51 years, with a mean of 32.3±9.9 years and mean disease duration of 9.65 ±6.03 years. This group was subdivided according to cIMT into the following:
Group Ia: nine (45%) patients with BD with increased cIMT. Group Ib: 11 (55%) patients with BD with cIMT within normal ranges.
Moreover, 20 healthy volunteers [15 (75%) males and five (25%) females] were included in this study as a control group (group II). Their ages ranged between 25 and 55 years, with a mean of 36.8±9.4 years.
All patients with BD had oral aphthous ulcers (100%), 85% had genital ulcers, 70% were positive to skin pethargy test, 35% had acneiform lesions, 45% had erythema nodosum, 15% had arthritis, 75% had ocular lesions (10 patients with red eye, eight patients had painful eye, and five patients had reduced visual acuity), and 10% had nervous system manifestations (two patients with blackouts and loss of balance). Cardiovascular manifestations were detected in 15 (75%) patients with BD [12 (60%) patients had hypertension and three (15%) patients had deep venous thrombosis in the deep veins of the leg] and 10% had gastrointestinal manifestations (abdominal pain and diarrhea). Table 1 shows that there are statistically insignificant differences (P> 0.05) regarding hemoglobin level, RBCs count, hematocrit level, platelet count, and WBCs count; statistically significant differences (P< 0.05) regarding ESR level, lymphocytes count, and NLR; and highly statistically significant difference (P< 0.001) regarding CRP level and neutrophil count, being higher in patients with BD than healthy control group.
Regarding lipid profile, there were statistically significant differences (P< 0.05) regarding triglyceride and HDL levels and statistically highly significant differences (P< 0.001) regarding cholesterol and LDL levels. Table 2 shows that regarding BDCAF, nine patients with active BD had a mean score of 5.67±1.3 and 11 patients with inactive BD had a mean score of 2.45 ±1.2. There was a statistically significant difference (P<0.05) regarding ESR and NLR levels, being higher in patients with active BD than those with inactive BD (28.44±8.03 vs. 18.9±22.8 and 2.8±0.9 vs. 2.1±0.6, respectively). Regarding CRP level, there was a statistically highly significant difference (P< 0.001), being higher in patients with active BD (3.03±1.98) than those with inactive BD (0.8±0.96). Figure 1 shows there was a statistically significance positive correlation (R=639, P=0.005) between NLR and BDCAF score. Table 3 shows there was a statistically highly significant difference (P<0.001) regarding cIMT, being higher in group Ia patients (0.82±0.03) than group Ib patients (0.50±0.04) and healthy control group (0.47±0.04). NLR, neutrophil-to-lymphocyte ratio; RBC, red blood cell; WBC, white blood cell. P value less than 0.05 is significant, P value less than 0.001 is highly significant, and P value more than 0.05 is not significant. *Significant. **Highly significant. Correlation between BDCAF and mean NLR. BDCAF, Behcet's Disease Current Activity Form; NLR, neutrophil-to-lymphocyte ratio. 
Discussion
BD is a chronic, immuno-inflammatory disease. In early lesions of BD, the major infiltrating cell is the neutrophil. Neutrophils are one of the main players of the innate immunity system. Neutrophil chemotaxis abnormalities have been extensively reported in BD. The NLR and cIMT are markers of inflammation and vascular risk, respectively [14] .
The aim of this study was to assess the relationship between NLR with disease activity, clinical manifestations, and cIMT in patients with BD.
In this study, cardiovascular manifestations were detected in 75% of cases, where 12 (60%) patients had hypertension and three (15%) patients had deep venous thrombosis. These results were nearly similar to the study by El-Gazzar et al. [15] , where deep venous thrombosis was detected in 31% of cases. The discrepancy in the occurrence of cardiovascular manifestations may be related to larger sample size (38 cases).
In our study, there were statistically insignificant differences (P> 0.05) regarding WBCs, statistically significant differences (P< 0.05) regarding lymphocytes count and NLR, and a highly statistically significant difference (P< 0.001) regarding neutrophil count, being higher in patients with BD than healthy control group. These results go hand in hand with the studies by Ozturk et al. [14] and Pancar and Kalkan [16] . They concluded that higher NLR may be related to endothelial dysfunction (ED) and may reflect disease activity in patients with BD. However, in the study by Yolpas et al. [17] , the NLR was similar in the BD and HC group (P=0.863).
This was explained by Macey et al. [18] , who assessed the histopathologic features of BD lesions, which are characterized by vasculitis and perivascular infiltration of lymphocytes, monocytes, and neutrophils, and surrounding tissue necrosis.
Noninvasive markers of inflammation, such as CRP and ESR, are widely used. In this work, there was a statistically significant difference (P< 0.01) regarding mean ESR level (23.2±17.98 vs. 8.3±6.3) and a statistically highly significant difference (P< 0.001) regarding mean CRP level (2.7±2.97 vs. 0.17±0.84), being higher in patients with BD than the healthy control group. These results were similar to the studies by Pancar and Kalkan [16] and Ozturk et al. [14] .
Regarding lipid profile in patients with BD in the current study, there were statistically significant differences (P< 0.05) regarding triglyceride and HDL levels and statistically highly significant differences (P< 0.001) regarding cholesterol and LDL levels. This is similar to the results of Pancar and Kalkan [16] . However, Yolpas et al. [17] found no statistically significant difference (P<0.05).
Figure 2
Ultrasound examination of the right common carotid artery in a 60-year-old male patient with BD, which revealed calcified atherosclerotic plaque. BD, Behcet's disease.
In the present study, according to BDCAF, nine patients with active BD had a mean score of 5.67 ±1.3 and 11 patients with inactive BD had a mean score of 2.45±1.2, with a statistically highly significant difference between the two groups (P=0.001). There were statistically significant differences (P<0.05) regarding ESR and NLR, being higher in patients with active BD than those with inactive BD (28.44 ±8.03 vs. 18.9±22.8 and 2.8±0.9 vs. 2.1±0.6, respectively). Regarding CRP level, there was a statistically highly significant difference (P< 0.001), being higher in patients with active BD (5.03±2.98) than patients with inactive BD (0.8±0.96). Moreover, there was a statistically significant positive correlation (R=639, P=0.01) between NLR and BDCAF score.
These findings were in agreement with Ricart et al. [19] , who found that the CRP levels was higher among the patients with active BD compared with those with inactive BD and control group. Similarly, in the studies by Ozturk et al. [14] and Yolpas et al. [17] , the NLR was significantly higher in active patients than in inactive patients (3.15±1.03 vs. 1.75±0.49, P<0.001, and 2.7±1.1 vs. 2±0.7, P=0.008, respectively). Moreover, Yolpas et al. [17] also reported that NLR was significantly higher in the patients with neuro-BD and active genital ulcers than in those without (P<0.05). In addition, there was a positive correlation between the NLR and the ESR and Behcet's syndrome activity score (BSAS) in the BD group. In BD, cIMT represents a key event in atherosclerosis and may enlighten the increased development of cardiovascular diseases. The intimamedia thickness may be a useful parameter in defining BD progression and identifying those at high risk [20] . Regarding cIMT, the results of this study revealed a statistically highly significant difference (P< 0.001), being higher in group Іa (0.82±0.03) than group Іb (0.50±0.04) and healthy controls (0.47±0.04). In agreement with our results, the studies by Ozturk et al. [21] and Yuksel et al. [22] revealed that cIMT was greater in patients with BD than in control participants (0.55±0.07 vs. 0.48±0.05, P<0.001, and 0.523±0.090 vs. 0.417±0.035 mm, P<0.001, respectively).
Increase in cIMT is a sign of structural arterial remodeling which was shown to be related with ED, which is another characteristic of BD, and can be observed even in patients without clinical vascular involvement [23] .
Previous studies showed elevated levels of soluble thrombomodulin concentration [24] . E-selectin [25, 26] and vascular endothelial growth factor play roles in ED.
Recent studies have shown that cIMT and arterial stiffness were significantly increased in patient with BD [27] . The present study revealed that there was a statistically significance difference (P< 0.05) regarding BDCAF and highly statistically significance difference regarding ESR and CRP levels, being higher in group Ia than group Ib (5±1.7 vs. 2.6±1.4, 27.7±6.5 vs. 11.4±7, and 5±2.9 vs. 0.7±0.6, respectively). These results go hand in hand with El-Gazzar et al. [15] .
In our study, there were statistically highly significant differences (P< 0.000) regarding neutrophils count [4.6±1.2 vs. 3.2±0.5 (10 3 /μl)], lymphocytes count [7.9±0.41 vs. 2.03±0.32 (10 3 /μl)], and NLR [2.4±0.5 vs. 1.8±0.9 (10 3 /μl)], being higher in group Ia cases than group Ib cases. These results go hand in hand with Oz et al. [28] , who found a positive correlation between cIMT and NLR in patients with BD.
Conclusion
In conclusion, higher NLR values were recorded in patients with BD. Furthermore, patients with active BD had higher NLR values than inactive and NLR is higher in patients with increased cIMT; thus, NLR may be an important bio-index for detecting BD activity and the presence of vascular affection.
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